Aims. This study focuses on very luminous (M bol < −6.0 mag) AGB stars with J − K s > 1.5 mag and H − K s > 0.4 mag in the LMC, SMC, M31, and M33 from 2MASS data. Methods. The data were taken from the 2MASS All-Sky Point Source catalogue archive. We used Virtual Observatory tools and took advantage of its capabilities at various stages in the analysis. Results. It is well known that stars with the colors we selected correspond mainly to carbon stars. Although the most luminous AGBs detected here contain a large number of carbon stars, they are not included in existing catalogues produced from data in the optical domain, where they are not visible since they are dust-enshrouded. A comparison of the AGB stars detected with combined near and mid-infrared data from MSX and 2MASS in the LMC shows that 10% of the bright AGB stars are bright carbon stars never detected before and that the other 50% are OH/IR oxygen rich stars, whereas the 40% that remain were not cross-matched. Conclusions. The catalogues of the most luminous AGB stars compiled here are an important complement to existing data. In the LMC, these bright AGB stars are centrally located, whereas they are concentrated in an active star-formation ring in M31. In the SMC and M33, there are not enough of them to draw definite conclusions, although they tend to be centrally located. Their luminosity functions are similar for the four galaxies we studied.
Introduction
The very red AGB stars, such as the various types of carbon and variable stars in galaxies, trace the intermediate-mass stellar population, thereby providing information about stellar evolution theories. Their spatial distribution is related to the star-formation history of the parent galaxy. These reddest and most extreme AGB stars cannot be detected easily at the conventional B, R wavelengths but can be observed in the nearinfrared.
Carbon stars are detected in the optical domain if their mass is less than 4-5 M ⊙ , whereas the more massive ones are expected to be seen only at longer wavelengths. Dredge-up and mass-loss determine whether an AGB star will become a carbon star. Very bright carbon stars can still be produced from stars with masses of 6 or 8 M ⊙ , if the mass-loss rate is not too high to allow enough dredge-up episodes (Frost et al. 1998) . Models of stars up to 6 M ⊙ for solar and Magellanic metallicities have shown that all massive carbon stars are, or could be, dust-enshrouded and should therefore not be visible at B and R wavelengths (Frost et al. 1998 ). In the near-infrared domain, where these stars are revealed best, carbon stars mainly populate the red tail (Nikolaev & Wenberg 2000 and Cioni et al. 2004) , which is easily detected in the color-magnitude diagram M K s vs J − K s as an inclined branch of stars departing from an almost vertical sequence of red giants. It is not yet clear whether all stars in that area of the color-magnitude diagram are carbon stars. Marigo et al. (2003) point out that the majority of red tail stars are carbon, and Davidge (2003) showed that, in NGC 205, carbon stars are those among the red tail with the additional constraints J − K s > 1.5 mag and H − K s > 0.4 mag.
Adopting the above criteria for carbon stars, we selected carbon star candidates in the Magellanic Clouds, M31 and M33 galaxies from the 2MASS All-Sky Survey. The 2MASS detection limit allowed us to see only the brightest carbon star candidates in M31 and M33. On the other hand, the brightest carbon dust-enshrouded stars are not detected in the 4000-6000 Å range in which the published catalogues are based for both the SMC and LMC (Kontizas et al. 2001; Rebeirot et al. 1993 ; Morgan et al. 1995) . Our search for the most luminous AGB stars will produce a homogeneous set of data for all four galaxies as confined by the detection limit of 2MASS. Data retrieval and basic analysis were performed through the Virtual Observatory (VO) and relevant tools.
Although the most luminous AGB stars are expected to be carbon stars, a lack of carbon stars is observed for luminosities that are greater than M bol = −6.0 mag (val Loon et al. 1991) . One explanation is that luminous AGB stars become invisible at wavelengths shorter than ≈ 1 µm due to obscuration by a circumstellar dust shell as a result of intense mass loss on the TP-AGB (van Loon et al. 1991) .
In the LMC cluster HS 327, there is evidence that carbon stars and OH/IR stars may be coeval (van Loon et al. 1991) . These stars are most likely ≈ 200 Myr old and formed at an epoch of intense star formation in the LMC. Egan et al. (2001) , when combining 2MASS and MSX colors, studied the AGB population and other red stars in the LMC, including objects with unusual IR excesses. By using the IR point-source model by Wainscoat et al. (1992) and obtaining source names and spectral types from the SIMBAD database when available, they have identified 11 categories of stellar populations and red nebulae, including main-sequence stars, giant stars, red supergiants (RSGs), C-and O-rich AGB stars, PNs, HII regions, and other dusty objects likely associated with early-type stars. A total of 731 of these sources were previously unidentified. Comparing their results with the bright AGBs of the LMC studied here, we found that the majority of these stars are OH/IR and carbon stars.
In this study we provide the catalogues of the brightest AGB stars (−8.4 < M bol < −6.0 mag) in four galaxies: the LMC, the SMC, M31, and M33. This selection of the magnitude range is due to the limit of detection of 2MASS in M31 and M33. The spatial distribution and corresponding luminosity functions are derived and discussed for each galaxy.
Data Analysis

VO tools
The recent developments of the Virtual Observatory creat tools dedicated to some generic operations. Padovani et al. (2004) prove the efficiency of such tools in helping astronomers to produce scientific results using the European Astrophysical Virtual Observatory (AVO). We took advantage of the VO capabilities at various stages of the analysis presented in this paper. For instance, the CDS service Vizier is used as an implicit cross-match tool to identify the LMC carbon stars from Kontizas et al. (2001) in the 2MASS point source catalogue. It is a positional cross-match that looks for sources within a maximum distance chosen by the user (1 ′′ for this work). One of the main features of the VO is interoperability. Vizier output for 2MASS queries is directly displayed using VOPlot (Kale et al. 2004 ), a tool provided by the Indian VO. The interoperability between Vizier and VOPlot is ensured by the exchange of a VOTable 1 that makes it possible to directly visualize the spatial distribution or color-magnitude diagrams resulting from the catalogue query. Moreover, the filtering capabilities of VOPlot allow one to use criteria to select and display a specific population, such as the AGB stars discussed in this paper. As an example, Fig. 8 shows the superpositon of a color-filtered catalogue on the M31 GALEX image (Thilker et al. 2005) . No WCS (World Coordinate System) information was initially available, but a registration could be obtained using Aladin (Bonnarel et al. 2000) , which was the basis of the AVO prototype. There are still limitations in the VO tools. At the moment, for instance, very large catalogues cannot be handled in the same way as small catalogues. While the M31 catalogue (10 4 sources) is directly output in VOPlot, the LMC catalogue (2 million sources) is obtained via vizquery 2 , which allows one to query VizieR remotely for further analysis.
AGB stars and Bolometric correction
The data used in this investigation were selected from the 2MASS all-sky survey catalogue restricted to objects for which the error is lower than 0.15 mag in all bands.
There are several criteria for detecting carbon stars in the various wavelengths. For bf JHK s filters the most conservative criteria are those by Davidge (2003) , who found that stars with H − K s > 0.4 mag and J − K s > 1.5 mag in the galaxy NGC 205 are carbon stars. These color limits are known to be metallicity-dependent, with J−K s becoming redder by 0.1 mag when the metallicity changes from Z=0.004 to Z=0.2 (Davidge 2003) . The metallicities of the four galaxies studied here are either similar or lower than the one studied by Davidge, which implies that the color J − K s can be bluer than the 1.5 mag value adopted here. If taking the metallicity effect into consideration, our sample might not include some of the bluest stars. Considering that the upper part of the red tail contains C-rich, O-rich, OH/IR stars, only spectra would be able to solve the ambiguity about the nature of these bright red stars.
To compare the results found here with previous studies of the carbon star populations in galaxies, the K s magnitudes of the stars were converted into bolometric magnitudes. The bolometric correction used is an approximation proposed by Bessel & Wood (1984) . Some more recent references are actually based on a similar assumption. Bessel & Wood (1984) computed the bolometric correction, BC K , in the K magnitude for various AGB stars in the Galaxy, LMC, SMC, and 47 Tuc. The available carbon star observations were too few to deduce a relation for them alone, but it was found that the O-rich stars' relation for M bol describes well the few carbon stars in the H − K vs J − K diagram. In this same study it was shown that the bolometric corrections vary for stars in galaxies with different metallicities. For stars in the Galaxy and LMC, the correction given by Bessel & Wood (1984) 
, which was validated for the magnitude range 0.6 < J − K < 2.0 mag. This is the correction we used for the LMC, but also for M31 and M33, considering that they have the same metallicity as the Galaxy and LMC respectively. For stars in the SMC, the correction found by Bessel & Wood (1984) was BC K = 0.60+2.65×(J−K)−0.67×(J−K) for stars with 0.6 < J − K < 1.5 mag. Beyond that color limit no data were available in the SMC, so in this case we used the bolometric corrections for stars in the LMC as an approximation. This might lead to calculated values of M bol that are higher than the real ones for the SMC stars, but the difference between the two formulae is only 0.1 mag. This result is also supported by Montegriffo et al. (1998) who studied the bolometric corrections in several Galactic globular clusters with various metallicities. They found that the bolometric corrections for metal-poor objects are very close to those calculated from the metal-rich relation at redder colors.
Color-magnitude diagrams
The Large Magellanic Cloud
Modeling the color-magnitude diagram of the red tail of the LMC from the 2MASS data, Marigo et al. (2003) found that field stars are not expected to reach colors that are redder than J − K s ≈ 1.0 mag, thus they hardly contaminate the features produced by the LMC population of AGB stars. We assumed the distance modulus m − M = 18.55 ± 0.04(statistical) ± 0.08(systematic) mag (Cioni et al. 2004 ) and the mean reddening E B−V = 0.13 mag (Massey et al. 1995) , which gives an absorption of A K s = 0.04 mag using A K S = 0.34 × E B−V (Bessel & Brett 1988) . Carbon star candidates were selected following Davidge criteria (2003) Fig 1 . Keeping only objects with 2MASS photometric errors less than 0.15 mag, we found 7137 carbon star candidates among the 10055 stars that belong to the red tail, which is defined by J − K s > 1.3 mag and M K s < −6.5 mag (Cioni et al. 2004) . The cross-match within a 3 ′′ radius of the 7137 AGB stars with the 7716 spectroscopically confirmed carbon stars from Kontizas et al. (2001) gives 3782 common objects. This confirms that red tail stars contain a large number of carbon stars.
A comparison with Kontizas et al. (2001) data shows that the bright end of the optically detected carbon stars is two magnitudes fainter in the near-infrared than the bright end of the red tail stars detected in 2MASS. The bright AGB stars with −8.4 < M bol < −6.0 mag are found to be 216 (Table A .1), whereas the total number of the bright red tail stars is 256. In addition, we searched the DSS catalogue in three colors B(J), R, and I to confirm that these stars are not observable in the B, R wavelengths. We found that many stars (almost 1 out of 5) are not visible in B and R (traditionally accepted as the representative optical window), but they become detectable or appear very luminous in I, as shown in the example of Fig. 2 . Deep surveys may reveal these stars, but available observations have not detected them yet.
The spatial distribution of the 7137 red tail AGB stars extracted from 2MASS is presented at the top of Fig. 3 , and the bottom figure shows the distribution of the 216 most luminous of them. Figure 3 shows high density in the central regions for the red tail AGB stars, including the most luminous ones, in agreement with previous studies by Hughes & Wood (1990) and Wood et al. (1985) . Egan et al. (2001) combined LMC data from 2MASS and MSX to detect carbon stars. They defined carbon stars by using the criteria 1.5 < K s − A < 3.75 mag and 0.8 < H − K s < 1.5 mag and the OH/IR with J−K s > 3 mag, K s −A > 3.75 mag and H − K s > 1.5 mag. Cross-matching the stars found here with those of Egan et al. (2001) has shown that 20 of the luminous AGB stars are actually carbon stars, 109 of them are OH/IR stars, 5 are planetary nebulae, 1 is oxygen-rich AGB and 1 is carbon-rich AGB star, 24 are of unkown nature, and no match was found for the 56 other stars included in our sample.
The Small Magellanic Cloud
Like the LMC, no significant foreground star contamination is expected at J − K s > 1.0 mag (Marigo et al. 2003) (Table A. 2) out of a total of 50 bright sources in the red tail. A 3 ′′ radius cross-match of the 911 carbon star candidates with the catalogues of SMC carbon stars confirmed by spectroscopy in the optical wavelengths (Rebeirot et al. 1993; Morgan et al. 1995) gives 676 sources in common. It is worth noting that only one cross-matched star belongs to the 34 very bright AGB stars of our sample.
The carbon star candidates selected here are distributed within an elliptical area, with no obvious central concentration (Fig. 5) . The brightest sources with −8.4 < M bol < −6.0 mag tend to be in the central area, although they are too few in number to draw a definite conclusion. Demers et al. (2003) found that the carbon stars are located almost exclusively in and near the disk for the Magellanic type galaxy NGC 3109. This is consistent with our results in the SMC and the LMC. 
Messier 31
M31 is a more distant galaxy than the LMC and SMC, with a distance modulus of m − M = 24.38 ± 0.05 mag (Brewer and Richer 1995) . The color-magnitude diagram presented in Fig. 6 shows that only the upper part of the red tail is observable in M31 because of the 2MASS sensitivity limit. It was assumed that all J − K s ≥ 1.1 mag stars are red tail stars (see Fig. 6 ). In that area there are 959 stars with photometric errors less than 0.15 mag. Since M31 is located at an intermediate galactic latitude, the question of foreground star contamination needs to be properly addressed. We retrieved data from a region near M31 (Fig. 7) , located at 16.0 < RA < 17.5 deg and 40.5 < Dec < 42.0 deg. The color-magnitude diagram for M31 is very populated at J − K s > 1.1 mag (Fig. 6 ), whereas the neighboring field ( Fig. 7 ) contains very few stars in this part of the diagram, indicating that the contamination from the Milky Way stellar population is very low.
For the total reddening correction near M31, E B−V ≈ 0.23 mag is adopted (Brewer & Richer 1995) . Consequently the absorption at K s is 0.08 mag, assuming again A K s = 0.34×E B−V (Bessel & Brett 1988) . From these relatively low absorption values, we excluded the possibility that the 959 red tail stars are early type stars heavily obscured, although they are located in the spiral structure of M31. Considering the criteria of Davidge (2003) , only 100 stars are carbon star candidates. In Fig. 8 we overplotted the carbon star candidates found in M31 on the GALEX image. These stars fall on the star forming regions detected at UV wavelengths, following the familiar M31 ring-structure, 10 kpc away from the galaxy center. This ring has been detected in most of the large scale maps at radio wavelengths (Beck & Gräve 1982; Brinks & Shane 1984) , and is also traced by starforming regions (Pellet et al. 1978; Devereux et al. 1994 ). This structure can also be noted in the infrared (Haas et al. 1998) , in the optical via masking (Walterbos & Kennicut 1988) , and in the distribution of HII regions (Pellet et al. 1978) , OB associations (van der Bergh 1991), HI gas (Sofue & Kato 1981) , and other tracers (see Hodge 1992) . The spatial distribution of the carbon star candidates suggests that the velocity dispersion and the differential galactic rotation have not had enough time to spread these bright AGB stars, which are among the youngest intermediate mass stars produced in spiral arms, like the current population of young stars. All the 100 bright AGB stars detected here are within the magnitude range of −8.4 < M bol < −6.0 mag. They are listed in Table A. 3.
In previous investigations of carbon stars in M31, either the studied areas are far from the ring of luminous AGB stars presented in this paper or candidate carbon stars are fainter (Brewer et al. 1996; Battinelli et al. 2003; Battinelli et al. 2005; Davidge et al. 2005 ).
Messier 33
To complete our survey of the brightest red tail stars in nearby galaxies, we took the 2MASS data for M33 and followed the same process as for the LMC, SMC, and M31. Wilson et al. (1991) derive E B−V = 0.3 ± 0.1, including both the Milky Way foreground and M33 internal extinction. This color excess is translated into A K s ≈ 0.10 mag. The distance modulus for M33 is m− M = 24.52±0.14(statistical)±0.13(systematic) mag (Lee et al. 2002) , and the red tail is located at J − K s > 1.0 mag (Fig.  9) . Block et al. (2004) consider that stars detected by 2MASS with J − K s > 1.0 mag cannot be M-stars in the low-metallicity regions, indicating the presence of red tail stars. In this area of the color-magnitude diagram, 916 stars have been found; and among them, 31 are supposed to be carbon stars, after we adopt the Davidge (2003) criteria. We stress that all the 31 carbon star candidates are very bright with −8.4 < M bol < −6.0 mag (see Table A .4).
The spatial distribution of these stars (Fig.10) is not correlated with the arcs of red stars found by Block et al. (2004) in the disk of M33. The cross-identification of these 31 carbon star candidates with those of Rowe et al. (2005) gives no pair within a 1 ′′ search radius. Their study has not revealed the most luminous AGB star population detected in our paper here, most probably because their observations are in the optical domain where these stars are not detected.
Discussion and conclusion
Luminosity Functions
The luminosity function reflects the distribution of stellar masses formed in a given volume of space for a stellar system or a galaxy. The upper end of the luminosity function displays the most massive stars of any particular population. Carbon stars usually have intermediate mass and provide insight into the star-forming history of these masses.
The luminosity function for the bright AGBs in each galaxy is presented in Fig. 11 (LMC, SMC, M31, M33 ). It illustrates that in all four galaxies, luminous carbon and OH/IR candidates (Egan et al. 2001 ) exhibit a similar luminosity function with slopes varying only slightly and within the errors of the fit. This result suggests that a similar mass distribution is expected in all four galaxies for the upper part of the mass function. Groenewegen (2002) found that the faint part of luminosity functions are also similar. Luminosity functions for the bright red tail population are presented in Fig. 12 . No significant difference is found between the population of bright (−8.4 < M bol < −6.0 mag) AGB red tail stars ( H − K s > 0.4 mag and J − K s > 1.5 mag) and the whole population of red tail stars (LMC: J − K s > 1.3 mag and M K s < −6.5 mag, SMC:
The spatial distribution
In the present work the spatial distribution of the luminous AGB stars appears to depend on the environment. In the LMC they are distributed within an ellipse defined by the extent of the old population of the galaxy. The density is higher along the bar, while the most luminous AGB stars are concentrated in the central area where the young cluster systems are located (Kontizas et al., 1993 , Kontizas et al., 1993 .
In M31 the AGB stars are distributed on the spiral features of the galaxy. Therefore both the LMC and M31 show that the luminous and, consequently, the most massive AGB stars trace the location of the star-forming regions of their parent galaxy. On the other hand, the less massive stars that evolve slowly have the time to reach the outer parts of the galaxy, as observed for the LMC. To confirm this behavior in M31, deeper nearinfrared data are required.
In the SMC and M33, AGBs are located in an elliptical area along the disk, without an obvious higher density at starforming regions, i.e. the center and the spiral structure. It is difficult to draw any conclusion from this diagrams since the amount of luminous AGB stars detected in these galaxies is very small.
Conclusion
We searched for the most luminous AGB stars in four nearby galaxies: the LMC, the SMC, M31, and M33. Stars were selected on the red tail of the color-magnitude diagram (M K s , J − K s ) with J − K s > 1.5 mag and H − K s > 0.4 mag. Known optical catalogues of carbon stars in the SMC and LMC do not include these luminous AGB stars, since they were constructed from observations at B and R wavelengths; therefore, the catalogues of luminous AGB stars compiled in this work are a valuable complement to existing data.
Using the same range in M bol (−8.4 < M bol < −6.0 mag) for the four galaxies, we analyzed the spatial distribution of these stars. We found that they follow the spiral ring of M31 and are mostly located in the central region of the LMC, where all the young population is concentrated. In the SMC and in M33, their number is too small to draw reliable conclusions about their location. Finally the luminosity functions of the red tail stars and the bright AGB stars, display similar slopes within the same bolometric magnitude range.
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